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± and Ξb(6227)− states as the P-wave bottom baryons
Kai-Lei Wang1, Qi-Fang Lu¨1,2 ∗, Xian-Hui Zhong1,2 †
1) Department of Physics, Hunan Normal University, and Key Laboratory of Low-Dimensional
Quantum Structures and Quantum Control of Ministry of Education, Changsha 410081, China and
2) Synergetic Innovation Center for Quantum Effects and Applications (SICQEA), Hunan Normal University, Changsha 410081, China
The strong decays of the P-wave singly bottom heavy baryons belonging to 6F are investigated with a con-
stituent quark model in the j- j coupling scheme. The results show that the newly observed Σb(6097) and
Ξb(6227) states by the LHCb collaboration can be assigned as the λ-mode P-wave bottom baryons belonging
to 6F . Given the heavy quark symmetry, both the Σb(6097) and Ξb(6227) states favor the light spin j = 2 states
with spin-parity numbers JP = 3/2− or JP = 5/2−. More P-wave baryons in the Σb, Ξ′b, and Ωb families are
most likely to be observed in future experiments for their relatively narrow width.
PACS numbers:
I. INTRODUCTION
Recently, the LHCb collaboration announced the observa-
tion of a new bottom baryonΞb(6227)
− in bothΛ0
b
K− and Ξ0
b
π
decay modes [1]. Just several weeks ago, the LHCb collabo-
ration found two new resonances Σb(6097)
± in the Λ0
b
π± chan-
nels [2]. The measured masses and widths of the Ξb(6227)
−
and Σb(6097)
± are presented as follows,
m[Ξb(6227)
−] = 6226.9± 2.0 ± 0.3 ± 0.2 MeV, (1)
Γ[Ξb(6227)
−] = 18.1 ± 5.4 ± 1.8 MeV, (2)
m[Σb(6097)
−] = 6098.0± 1.7 ± 0.5 MeV, (3)
Γ[Σb(6097)
−] = 28.9 ± 4.2 ± 0.9 MeV, (4)
m[Σb(6097)
+] = 6095.8± 1.7 ± 0.4 MeV, (5)
Γ[Σb(6097)
+] = 31.0 ± 5.5 ± 0.7 MeV. (6)
Compared with the mass spectrum predicted in various mod-
els [3–13], it is found that the Ξb(6227)
− and Σb(6097)± are
good candidates of the λ-mode P-wave bottom baryons be-
longing to 6F .
To explain the nature of Ξb(6227)
− and Σb(6097)±, recently
the strong decays of the excited singly bottom states were
studied with the 3P0 model in Ref. [14, 15]. The results in-
dicate that Ξb(6227)
− and Σb(6097)± may be good candidates
of the P-wave states with JP = 3/2− or JP = 5/2− in the j- j
coupling scheme. In Ref. [16], we studied the strong decays
of the singly bottom baryons within the chiral quark model in
the L-S coupling scheme. Comparing the predictions with the
observations, one can find that both Ξb(6227) and Σb(6097)
could be assigned as the P-wave states with JP = 3/2− or
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†E-mail: zhongxh@hunnu.edu.cn
JP = 5/2− as well. However, the partial width ratios and de-
cay modes of some P-wave Ξ′
b
states predicted within the j- j
coupling scheme are different from those predicted within the
L-S coupling scheme.
We have noted that for the singly heavy baryons there may
exist some effects of heavy quark symmetry, which was not
carefully considered in our previous work [16]. To approx-
imately preserve the heavy quark symmetry with the finite
heavy quark masses, the physical states may be closer to the
j- j coupling basis. In this coupling scheme, the states are
mixed states between the states of the L-S coupling scheme
with the same spin-parity (JP) numbers. It is interesting to
find that the newly observed stateΩc(3000) at LHCb [17] may
be explained as a JP = 1/2− resonance via a |2P1/2〉-|4P1/2〉
mixing [18]. This may be evidence that the physical states
of singly heavy baryons more favor the j- j coupling scheme.
In another word, the configuration mixing effects between the
singly heavy baryon states with the same JP should be con-
sidered if one adopts the L-S coupling scheme.
In this work, considering the requirements of the heavy
quark symmetry we study the strong decay behaviors of the
λ-mode P-wave bottom baryons Σb, Ξ
′
b
and Ωb in the j- j cou-
pling scheme with the chiral quark model. In this coupling
scheme, the states with light spin j = 0 and j = 1 cannot de-
cay into some special final states, which shows selection rules.
The decay modes together with the predicted total widths sug-
gest that both the Ξb(6227)
− and Σb(6097)± are good candi-
dates of light spin j = 2 states, while the JP = 3/2− and
JP = 5/2− cannot be distinguished due to lack of data. The
predicted narrow widths of other flavor symmetric partners
can provide helpful information for future experiments.
This paper is organized as follows. The spectrum and nota-
tions are presented in Sec. II. The chiral quark model is briefly
introduced in Sec. III. The strong decays of the λ-mode P-
wave Σb, Ξ
′
b
andΩb are estimated in Sec. IV. A short summary
is presented in the last section.
II. SPECTROSCOPY
The heavy baryon containing a heavy quark violates the
SU(4) symmetry. However, the SU(3) symmetry between the
other two light quarks (u, d, or s) is approximately kept. Ac-
2cording to the symmetry, the heavy baryons containing a sin-
gle heavy quark belong to two different SU(3) flavor represen-
tations: the symmetric sextet 6F and antisymmetric antitriplet
3¯F [16]. For example, the Σ
−,0,+
b
, Ξ′0,−
b
and Ωb form a 6F rep-
resentation, while Λb and Ξ
0,−
b
form a 3¯F representation.
In the L-S coupling scheme, the quark model states are con-
structed by [8]∣∣∣2S+1LJ〉 =
∣∣∣∣[(ℓρℓλ)
L
(
sρsQ
)
S
]
JP
〉
, (7)
where ℓρ and ℓλ correspond to the eigenvalues of the orbital
angular momenta ℓρ and ℓλ for the ρ and λ oscillators, re-
spectively, and L stands for the eigenvalue of the total orbital
angular momentum L = ℓρ + ℓλ [18, 25]. The parity of a
state is determined by P = (−1)ℓρ+ℓλ . Quantum numbers sρ
and sQ correspond to the eigenvalues of the total spin of the
two light quarks sρ and the spin of the heavy quark sQ, respec-
tively, while S stands for the eigenvalue of the total spin an-
gular momentum S = sρ + sQ. According to the quark model
classification, there are five λ-mode 1P-wave states belong-
ing to 6F [16]. These states and their corresponding quantum
numbers have been collected in Table I.
TABLE I: The classifications of the low-lying P-wave states belong-
ing to 6F in the L-S coupling scheme. The states in the L-S coupling
scheme are denoted by |2S+1LJ〉.
|2S+1LJ〉 JP ℓρ ℓλ L sρ sQ S
|2P1/2〉 12
−
0 1 1 1 1
2
1
2
|2P3/2〉 32
−
0 1 1 1 1
2
1
2
|4P1/2〉 12
−
0 1 1 1 1
2
3
2
|4P3/2〉 32
−
0 1 1 1 1
2
3
2
|4P5/2〉 52
−
0 1 1 1 1
2
3
2
TABLE II: The classifications of the low-lying P-wave states belong-
ing to 6F in the j- j coupling scheme. The states in the j- j coupling
scheme are denoted by |JP, j〉.
|JP, j〉 JP j ℓρ ℓλ L sρ sQ
|JP = 1
2
−
, 0〉 1
2
−
0 0 1 1 1 1
2
|JP = 1
2
−
, 1〉 3
2
−
1 0 1 1 1 1
2
|JP = 3
2
−
, 1〉 1
2
−
1 0 1 1 1 1
2
|JP = 3
2
−
, 2〉 3
2
−
2 0 1 1 1 1
2
|JP = 5
2
−
, 2〉 5
2
−
2 0 1 1 1 1
2
It should be pointed out that the heavy-quark symmetry as
an approximation is commonly adopted for the study of the
singly heavy baryons. In the heavy quark effective theory de-
scription, the spin of the heavy quark sQ and the total angu-
lar momentum of the two light quarks j = L + sρ are sepa-
rately conserved [19]. The total angular momentum is given
by J = j + sQ. In the heavy-quark symmetry limit, the quark
model states may more favor the j- j coupling scheme
∣∣∣JP, j〉 =
∣∣∣∣∣
{[(
ℓρℓλ
)
L
sρ
]
j
sQ
}
JP
〉
. (8)
The five 1P-wave states belonging to 6F in the j- j coupling
scheme and their corresponding quantum numbers have been
collected in Table II.
The states of the j- j coupling scheme are linear combina-
tions of the states of the L-S coupling scheme. The precise
relationship is [8]
∣∣∣∣∣
{[(
ℓρℓλ
)
L
sρ
]
j
sQ
}
JP
〉
= (−1)L+sρ+J+ 12
√
2 j + 1
∑
S
√
2S + 1
 L sρ jsQ J S

∣∣∣∣[(ℓρℓλ)
L
(
sρsQ
)
S
]
JP
〉
. (9)
The heavy-quark symmetry may tell us that there are configu-
ration mixing between the singly heavy baryon states with the
same JP numbers in the L-S coupling scheme. In the heavy
quark limit, the mixing angles are determined by Eq.(9).
III. STRONG DECAY
To study the strong decays of the low-lying P-wave bottom
baryons, we apply the chiral quark model [20]. In this model,
the light pseudoscalar mesons, i.e. π, K and η, are treated
as point-like Goldstone boson. This method has been suc-
cessfully applied to the strong decays of heavy-light mesons,
charmed and strange baryons [18, 21–30]. The nonrelativistic
form of the effective quark-pseudoscalar-meson interactions
might be described by [18, 21–27]:
Hnrm =
∑
j
[
Gσ j · q + hσ j · p j
]
I je
−iq·r j , (10)
with G ≡ −
(
1 +
ωm
E f +M f
)
, h ≡ ωm
2µq
. In the above equation,
σ j and p j stand for the Pauli spin vector and internal mo-
mentum operator for the jth quark of the initial hadron; ωm
and q stand for the energy and three momenta of the emit-
ted light meson, respectively; E f and M f are the energy and
mass of the final heavy baryon; µq is a reduced mass given by
1/µq = 1/m j + 1/m
′
j
with m j and m
′
j
for the masses of the jth
quark in the initial and final hadrons, respectively; and I j is
the isospin operator associated with the pseudoscalar mesons,
which have been defined in Refs. [22, 25]. It should be men-
tioned that the nonrelativistic form of quark-pseudoscalar-
meson interactions expressed in Eq. (10) is similar to that in
Refs. [3, 31, 32], except that the factors G and h in this work
have explicit dependence on the energies of final hadrons.
For a light pseudoscalar meson emission in a strong decay
process, the partial decay width can be calculated with [22,
25]
Γm =
(
δ
fm
)2 (E f + M f )|q|
4πMi(2Ji + 1)
∑
J f z,Jiz
|MJ f z,Jiz |2, (11)
where MJ f z,Jiz corresponds to the strong amplitudes. The
quantum numbers Jiz and J f z stand for the third components
of the total angular momenta of the initial and final heavy
baryons, respectively. Mi is the mass of the initial heavy
3baryon. δ as a global parameter accounts for the strength of
the quark-meson couplings. It has been determined in our pre-
vious study of the strong decays of the charmed baryons and
heavy-light mesons [22, 25]. Here, we fix its value the same
as that in Refs. [22, 25], i.e. δ = 0.557.
In the calculation, we adopt the same quark model param-
eter set as that in Refs. [16, 30]. The masses of the well-
established hadrons used in the calculations are taken from the
Particle Data Group (PDG) [33], and the masses of the undis-
covered initial states adopted from the predictions in Ref. [4].
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FIG. 1: Partial and total strong decay widths of the the JP = 1/2−
and JP = 3/2− states with M = 6097 MeV in the Σb families as
a function of mixing angle φ. The solid curves stand for the total
widths.
IV. RESULTS AND DISCUSSIONS
A. Σb(6097)
± as the P-wave Σb states
The measured mass of the Σb(6097) indicates that it is a
good candidate of the λ-mode P-wave excitations. In the L-S
coupling scheme, the strong decay properties of the P wave
Σb baryons have been studied in Ref. [16] (see Table. III).
From the decay behaviors, it is found that Σb(6097) favors
the JP = 3/2− |Σb 2P3/2〉 state or the JP = 5/2− |Σb 4P5/2〉
state. Moreover, the possibilities of Σb(6097) as a candidate
of the other 1P wave Σb states cannot be excluded, because
their predicted total widths are close to that of Σb(6097), and
the Λbπ decay mode is allowed.
1. JP = 1/2− states
In the j- j coupling scheme, according to Eq. (9) we can
obtain two JP = 1/2− states as mixed states between |2P1/2〉
and |4P1/2〉:
∣∣∣∣∣∣JP =
1
2
−
, 0
〉
= −
√
1
3
∣∣∣2P1/2〉 +
√
2
3
∣∣∣4P1/2〉 , (12)
∣∣∣∣∣∣JP =
1
2
−
, 1
〉
=
√
2
3
∣∣∣2P1/2〉 +
√
1
3
∣∣∣4P1/2〉 . (13)
If let cosφ =
√
2
3
and sin φ =
√
1
3
, we get the mixing angle
φ ≃ 35◦. The strong decay properties of |JP = 1
2
−
, 0〉 and
|JP = 1
2
−
, 1〉 are calculated within the chiral quark model, our
results are presented in Table. III. It is seen that the |JP =
1
2
−
, 0〉 is a narrow state with a width of a fewMeV, and mainly
decays into Λbπ; while the |JP = 12
−
, 1〉 state has a width of ∼
30 MeV, and dominantly decays into Σbπ. For a comparison,
in Table. III we also list the strong decay properties of the JP =
1/2− states |2P1/2〉 and |4P1/2〉 obtained from the L-S coupling
scheme in Ref. [16]. It is found that the decay properties of
|JP = 1
2
−
, 1〉 in the j- j coupling scheme are similar to those
of |2P1/2〉 in the L-S coupling scheme, for the strong decays
of |JP = 1
2
−
, 1〉 are governed by the component of |2P1/2〉.
However, the strong decay properties of |JP = 1
2
−
, 0〉 are very
different from those in the L-S coupling scheme. The decay
properties of the JP = 1/2− states are inconsistent with the
observations of Σb(6097), thus, the Σb(6097) as the J
P
= 1/2−
states should be excluded.
It is interesting to note that the Ωc(3000) resonance may
be explained as a mixed state |Pλ 12
−〉1 = cos φ|2P1/2〉 +
sin φ|4P1/2〉 with the mixing angle φ ≃ 24◦ [18], which is
close to φ ≃ 35◦ determined by the heavy-quark symmetry
in the j- j coupling scheme, but not actually equal to that de-
termined by the heavy-quark symmetry. This indicates that
on the one hand the heavy-quark symmetry requires the phys-
ical states might be mixed states between the states with the
same JP in the L-S coupling scheme, on the other hand be-
cause the heavy-quark symmetry is only an approximation,
the physical mixing angle should be slightly different from
that determined within the j- j coupling scheme. Thus, the
physical P-wave singly-heavy baryon states might be mixed
states between |2PJ〉 and |4PJ〉 in the L-S coupling scheme,
i.e.,
 |P JP〉1|P JP〉2
 =
 cosφ sin φ− sin φ cos φ

 |2PJ〉|4PJ〉
 , (14)
and the mixing angle φ may range from the value of the L-S
coupling scheme (φ = 0◦) to that of the j- j coupling scheme.
Specially, for the P-wave states with JP = 1/2− the mixing
angle φ ∈ (0, 35◦), while for the P-wave states with JP = 3/2−
the mixing angle φ ∈ (0, 24◦).
According to the mixing scheme defined in Eq. (14), the
strong decay widths of the JP = 1/2− states in the Σb family
4TABLE III: Partial widths (MeV) and branching fractions for the strong decays of the 1P-wave states in the j- j coupling scheme compared
with that in the L-S coupling scheme taken form Ref. [16] in the Σb family. The masses of the P-wave bottom baryons are adopted from the
quark model predictions in Ref. [4].
State |J, j〉 Channel Γi (MeV) Bi |2S+1LJ〉 Channel Γi (MeV) [16] Bi [16]
Σb(6101) |J = 12
−
, 1〉 Λbπ · · · · · · |2P1/2〉 Λbπ 1.74 7.68%
Σbπ 28.89 92.04% Σbπ 19.26 85.00%
Σ
∗
b
π 2.50 7.96% Σ∗
b
π 1.66 7.33%
total 31.39 total 22.66
Σb(6095) |J = 12
−
, 0〉 Λbπ 6.00 100.0% |4P1/2〉 Λbπ 4.00 28.15%
Σbπ · · · · · · Σbπ 9.50 66.85%
Σ
∗
b
π · · · · · · Σ∗
b
π 0.71 5.0%
total 6.00 total 14.21
Σb(6096) |J = 32
−
, 2〉 Λbπ 35.18 90.07% |2P3/2〉 Λbπ 29.31 74.60%
Σbπ 3.25 8.32% Σbπ 4.81 12.24%
Σ
∗
b
π 0.63 1.61% Σ∗
b
π 5.17 13.16%
total 39.06 total 39.29
Σb(6087) |J = 32
−
, 1〉 Λbπ · · · · · · |4P3/2〉 Λbπ 5.38 20.46%
Σbπ 1.47 5.28% Σbπ 0.20 0.76%
Σ
∗
b
π 26.39 94.72% Σ∗
b
π 20.71 78.78%
total 27.86 total 26.29
Σb(6084) |J = 52
−
, 2〉 Λbπ 31.38 81.85% |4P5/2〉 Λbπ 31.38 81.85%
Σbπ 1.09 2.84% Σbπ 1.09 2.84%
Σ
∗
b
π 5.77 15.05% Σ∗
b
π 5.77 15.05%
total 38.34 total 38.34
as a function of the mixing angle φ are shown in Fig. 1. It is
found that the mixed state |Σb P 12
−〉1 has a width of ∼ 20 − 30
MeV, its decays are dominated by the Σbπ channel, the de-
cay properties are less sensitive to the mixing angle. If the
mixing angle is less than the angle φ ≃ 35◦ obtained in the
heavy quark limit, there is a small decay rate into the Λbπ
channel. The other mixed state |Σb P 12
−〉2 has a relatively nar-
rower width, which is sensitive to the mixing angle. If we
take the same mixing angle φ ≃ 24◦ as that of Ωc(3000) [18],
except for the main decay mode Λbπ, the Σbπ may play an
obvious role in its strong decays. The decay properties of
|Σb P 12
−〉1 and |Σb P 12
−〉2 are inconsistent with the observa-
tions of Σb(6097).
2. JP = 3/2− states
For the JP = 3/2− states |JP = 3
2
−
, 1〉 and |JP = 3
2
−
, 2〉 in
the j- j coupling scheme, according to Eq. (9) they can relate
to the states in the L-S coupling scheme:
∣∣∣∣∣∣JP =
3
2
−
, 1
〉
= −
√
1
6
∣∣∣2P3/2〉 +
√
5
6
∣∣∣4P3/2〉 , (15)
∣∣∣∣∣∣JP =
3
2
−
, 2
〉
=
√
5
6
∣∣∣2P3/2〉 +
√
1
6
∣∣∣4P3/2〉 . (16)
If let cosφ =
√
5
6
and sin φ =
√
1
6
, we get the mixing angle
φ ≃ 24◦. The decay properties of |JP = 3
2
−
, 1〉 and |JP = 3
2
−
, 2〉
in the Σb family are calculated within the chiral quark model.
Our results are listed in Table. III as well. From the Table. III,
it is found that the |JP = 3
2
−
, 1〉 state has a width of ∼ 28
MeV, and dominantly decays into the Σ∗
b
π channel; while the
|JP = 3
2
−
, 2〉 state has a relatively broad width of ∼ 39 MeV,
and dominantly decays into the Λbπ channel. Both the decay
mode and width indicate that Σb(6097) is a good candidate of
the light spin j = 2 state |JP = 3
2
−
, 2〉. The partial width ratio
between Λbπ and Σbπ for |JP = 32
−
, 2〉 is predicted to be
Γ[Λbπ]
Γ[Σbπ]
≃ 12, (17)
which can be tested in future experiments. It should be men-
tioned that the main decay properties, such as the total decay
width and dominant decay modes, of the JP = 3/2− states
|JP = 3
2
−
, 1〉 and |JP = 3
2
−
, 2〉 in the j- j coupling scheme
are similar to those of |4P3/2〉 and |2P3/2〉 in the L-S coupling
scheme, respectively (see Table. IV).
Considering the mixing angle of the physical states with
JP = 3/2− may have some deviations from the j- j couplings,
adopting the mixing scheme defined in Eq. (14) we also plot
the strong decay width as a function of mixing angle φ in
Fig. 1 for a reference. It is shown that when φ varies in
0 ∼ 24◦, the total widths of both |Σb P 32
−〉1 and |Σb P 32
−〉2 are
less sensitive to the mixing angle, however, the partial width
5ratio of Γ[Λbπ]/Γ[Σ
∗
b
π] is very sensitive to the mixing angle.
The measurements of the ratio Γ[Λbπ]/Γ[Σ
∗
b
π] might be help-
ful to determine the mixing angle.
3. JP = 5/2− state
For the JP = 5/2− state, the L-S coupling scheme is equal
to the j- j coupling scheme, i.e.,
∣∣∣∣∣∣JP =
5
2
−
, 2
〉
=
∣∣∣4P5/2〉 . (18)
From Table III, it is seen that both the total decay width and
the dominant Λbπ decay mode of |JP = 52
−
, 2〉 also favor the
observations of Σb(6097). The decay rate of the J
P
= 5/2−
state into Σ∗
b
π is sizable as well. The partial width ratio be-
tween the two main decay channels Λbπ and Σ
∗
b
π is predicted
to be
Γ[Λbπ]
Γ[Σ∗
b
π]
≃ 5. (19)
If the Σb(6097) resonance is the J
P
= 5/2− state indeed, it
should be observed in the Σ∗
b
π channel as well.
As a whole, Σb(6097) seems to favor the j = 2 states with
JP = 3/2− or JP = 5/2−. To distinguish these two states,
more observations in the Σbπ and Σ
∗
b
π channels are needed in
future experiments. If Σb(6097) corresponds to |JP = 32
−
, 2〉,
it should be observed in the Σbπ channel. On the other hand,
if Σb(6097) is the J
P
= 5/2− state, it should be observed in the
Σ
∗
b
π channel.
B. Ξ′
b
(6227)− as the P-wave Ξ′
b
states
The measured mass of Ξb(6227) indicates that it is a good
candidate of the λ-mode P-wave excitations [4]. Within the
L-S coupling scheme, the strong decay behaviors of the P
wave Ξ′
b
states have been studied in Ref. [16]. It is found that
Ξb(6227) favors the J
P
= 3/2− |Ξ′
b
2P3/2〉 state or JP = 5/2−
|Ξ′
b
4P5/2〉 state. Moreover, due to the theoretical uncertainties
and lack of the branching ratio information, the possibilities
of the Ξb(6227) as other P wave Ξ
′
b
states cannot be excluded.
In this work, we study the strong decays of the λ-mode P-
wave Ξ′
b
state in the j- j coupling scheme, and our results are
listed in Table IV.
1. JP = 1/2− states
It is found that the JP = 1/2− state |JP = 1
2
−
, 0〉 has a width
of 51 MeV, this state mainly decays into ΛbK and Ξbπ chan-
nels. The decay width of |JP = 1
2
−
, 0〉 is about a factor 3
larger than that of Ξb(6227). While the other J
P
= 1/2− state
|JP = 1
2
−
, 1〉 has a width of 15 MeV, and dominantly decays
into Ξ′
b
π channel. Although the decay width of |JP = 1
2
−
, 1〉
0
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FIG. 2: Partial and total strong decay widths of the JP = 1/2− and
JP = 3/2− states with M = 6227 MeV in the Ξ′
b
families as a function
of mixing angle φ. The solid curves stand for the total widths.
is close to that of Ξb(6227), the decay modes are inconsis-
tent with the observations. For a comparison, in Table. IV we
also list the strong decay properties of the JP = 1/2− states
|2P1/2〉 and |4P1/2〉 which are calculated within the L-S cou-
pling scheme in Ref. [16]. The predictions show obvious dif-
ferences between the j- j and L-S coupling schemes (see Ta-
ble. IV).
Considering the mixing angle between |2P1/2〉 and |4P1/2〉
for the physical states with JP = 1/2− may have some devi-
ations from the j- j coupling scheme, the strong decay widths
|Ξ′
b
P 1
2
−〉1 and |Ξ′b P 12
−〉2 as a function of mixing angle φ
are shown in Fig. 2. It is found that the decay properties of
|Ξ′
b
P 1
2
−〉2 are less sensitive to the mixing angle φ. However,
the decay properties of |Ξ′
b
P 1
2
−〉1 shows some sensitivities to
the mixing angle. For example, if one adopts the mixing angle
φ ≃ 35◦ in the heavy quark limit the ΛbK mode for |Ξ′b P 12
−〉1
is forbidden, while if φ ≃ 15◦ the decay rate into ΛbK is siz-
able. From the decay properties shown in Fig. 2, one can find
that the Ξ′
b
(6227) do not favor the mixed states |Ξ′
b
P 1
2
−〉1 and
|Ξ′
b
P 1
2
−〉2.
2. JP = 3/2− states
For the JP = 3/2− state |JP = 3
2
−
, 1〉 in the Ξ′
b
fam-
ily, it has a width of ∼14 MeV, and dominantly decays into
Ξ
′
b
(5945)π, the decay mode is inconsistent with the observa-
tions of Ξ′
b
(6227). While the other JP = 3/2− state |JP =
3
2
−
, 2〉 has a width of ∼24 MeV, and mainly decays into ΛbK
6TABLE IV: Partial widths (MeV) and branching fractions for the strong decays of the 1P-wave states in the j- j coupling scheme compared
with that in the L-S coupling scheme taken form Ref. [16] in the Ξ′
b
family. The masses of the P-wave bottom baryons are adopted from the
quark model predictions in Ref. [4].
State |J, j〉 Channel Γi (MeV) Bi |2S+1LJ〉 Channel Γi (MeV) [16] Bi [16]
Ξ
′
b
(6233) |J = 1
2
−
, 1〉 ΛbK · · · · · · |2P1/2〉 ΛbK 12.11 44.77%
Ξbπ · · · · · · Ξbπ 4.77 17.63%
Ξ
′
b
π 13.85 90.76% Ξ′
b
π 9.23 34.12%
Ξ
′
b
(5945)π 1.41 9.24% Ξ′
b
(5945)π 0.94 3.48%
total 15.26 total 27.05
Ξ
′
b
(6227) |J = 1
2
−
, 0〉 ΛbK 38.07 71.71% |4P1/2〉 ΛbK 17.28 53.60%
Ξbπ 15.02 28.29% Ξbπ 10.01 31.05%
Ξ
′
b
π · · · · · · Ξ′
b
π 4.54 14.08%
Ξ
′
b
(5945)π · · · · · · Ξ′
b
(5945)π 0.41 1.27%
total 53.09 total 32.24
Ξ
′
b
(6234) |J = 3
2
−
, 2〉 ΛbK 7.31 26.02% |2P3/2〉 ΛbK 4.14 17.14%
Ξbπ 17.89 63.69% Ξbπ 14.91 61.74%
Ξ
′
b
π 1.60 5.70% Ξ′
b
π 2.37 9.81%
Ξ
′
b
(5945)π 1.29 4.59% Ξ′
b
(5945)π 2.73 11.30%
total 28.09 total 24.15
Ξ
′
b
(6224) |J = 3
2
−
, 1〉 ΛbK · · · · · · |4P3/2〉 ΛbK 0.98 6.19%
Ξbπ · · · · · · Ξbπ 2.67 16.87%
Ξ
′
b
π 0.72 5.02% Ξ′
b
π 0.10 0.63%
Ξ
′
b
(5945)π 13.61 94.98% Ξ′
b
(5945)π 12.08 76.31%
total 14.33 total 15.83
Ξ
′
b
(6226) |J = 5
2
−
, 2〉 ΛbK 4.20 17.22% |4P5/2〉 ΛbK 4.20 17.22%
Ξbπ 16.37 67.12% Ξbπ 16.37 67.12%
Ξ
′
b
π 0.60 2.46% Ξ′
b
π 0.60 2.46%
Ξ
′
b
(5945)π 3.22 13.20% Ξ′
b
(5945)π 3.22 13.20%
total 24.39 total 24.39
and Ξbπ final states, and the partial width ratio between these
two channels is predicted to be
Γ[ΛbK]
Γ[Ξbπ]
≃ 0.36. (20)
This ratio predicted by us is obviously smaller than the 3P0
model prediction Γ[ΛbK]
Γ[Ξbπ]
≃ 0.89 in Ref. [14]. Both the decay
modes and width of |JP = 3
2
−
, 2〉 are consistent with the ob-
servations of Ξb(6227). It should be mentioned that the strong
decay properties of the JP = 3/2− Ξ′
b
states |JP = 3
2
−
, 1〉 and
|JP = 3
2
−
, 2〉 in the j- j coupling scheme are similar to those of
|4P3/2〉 and |2P3/2〉 in the L-S coupling scheme, respectively
(see Table. IV).
The mixing angle of the physical states with JP = 3/2−may
lie between the L-S and j- j coupling limit, we show the strong
decay widths as a function of mixing angle φ from 0◦ ∼ 24◦ in
Fig. 2. It can be found that the deviation from the j- j coupling
mixing has small influence on the strong decay behaviors, and
our conclusions remain. It should mentioned that the recent
QCD sum rule analysis also suggested that Ξb(6227) may be
a JP = 3/2− state [34].
3. JP = 5/2− state
For the |JP = 5
2
−
, 2〉 state, the L-S coupling scheme is
equal to the j- j coupling scheme. The results indicate that
the Ξ′
b
(6227) can be assigned as the |JP = 5
2
−
, 2〉 state as well.
The partial width ratio between ΛbK and Ξbπ is predicted to
be
Γ[ΛbK]
Γ[Ξbπ]
≃ 0.25, (21)
which is slightly smaller than that for |JP = 3
2
−
, 2〉. The ra-
tio predicted by us is obviously smaller than the 3P0 model
prediction Γ[Λb K]
Γ[Ξbπ]
≃ 0.94 in Ref. [14].
As a whole, Ξ′
b
(6227) seems to favor the j = 2 states with
JP = 3/2− or JP = 5/2−. Our conclusion is also consis-
tent with the calculations of the 3P0 model and QCD sum
rule [14, 35]. To further understand the nature of Ξ′
b
(6227),
more measurements, such as the ratio Γ[ΛbK]/Γ[Ξbπ], are
suggested to be carried out in future experiments.
7TABLE V: Partial widths (MeV) and branching fractions for the strong decays of the 1P-wave states in the j- j coupling scheme compared
with that in the L-S coupling scheme taken form Ref. [16] in the Ωb family. The masses of the P-wave bottom baryons are adopted from the
quark model predictions in Ref. [4].
State [4] |JP, j〉 Γ[ΞbK] (MeV) |2S+1LJ〉 Γ[ΞbK] (MeV) [16]
Ωb(6339) |J = 12
−
, 1〉 · · · |2P1/2〉 49
Ωb(6330) |J = 12
−
, 0〉 143 |4P1/2〉 95
Ωb(6340) |J = 32
−
, 2〉 2.2 |2P3/2〉 1.8
Ωb(6331) |J = 32
−
, 1〉 · · · |4P3/2〉 0.22
Ωb(6334) |J = 52
−
, 2〉 1.6 |4P5/2〉 1.6
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FIG. 3: Partial decay widths of the ΞbK channel for the J
P
= 1/2−
and JP = 3/2− Ωb states as a function of mixing angle φ. The reso-
nance mass is taken the quark model prediction M = 6330 MeV.
C. The P-wave Ωb states
For the 1P-wave Ωb states, there are no signals from ex-
periments. By taking the predicted masses from RQM [4],
their strong decays in j- j coupling scheme are calculated and
shown in Table V. For the JP = 1/2− state |JP = 1
2
−
, 0〉, a
large decay width of 148 MeV is obtained, its decays are gov-
erned by the ΞbK mode. The decay mode ΞbK for the j = 1
states |JP = 1
2
−
, 1〉 and |JP = 3
2
−
, 1〉 are forbidden, thus, these
states should be very narrow states. The two j = 2 states
|JP = 3
2
−
, 2〉 and |JP = 5
2
−
, 2〉 are predicted to be very narrow
states with a width of ∼ 1 − 2 MeV, which might be found
in future experiments. The strong decay properties of the 1P-
wave Ωb states were also studied in Ref. [15, 34]. Our main
results are consistent with the predictions in Ref. [15]. For
a comparison, the results calculated from the L-S coupling
scheme [16] are also listed in Table. V. It is found that the
strong decay properties of |J = 1
2
−
, 0〉 and |J = 3
2
−
, 2〉 are sim-
ilar to those of |4P1/2〉 and |2P3/2〉 in the L-S coupling scheme,
respectively. However, the decay properties of |J = 1
2
−
, 1〉 and
|J = 3
2
−
, 1〉 are very different from those in the L-S coupling
scheme.
The physical states with JP = 1/2− as mixed states between
|2P1/2〉 and |4P1/2〉, the mixing angle may not be the ideal an-
gle φ = 35◦ predicted in the heavy quark limit. Taking the
mixing scheme as defined in Eq. (14), the strong decay widths
of the JP = 1/2− states as a function of the mixing angle φ are
presented in Fig. 3. When the mixing angle lies in 0◦ ∼ 35◦,
the width of |Ωb P 12
−〉1 is relatively small, while |Ωb P 12
−〉2
is a broad state with a width of ∼ 120 ± 20 MeV. For the
JP = 3/2− states, when the mixing angle varies from 0◦ to
24◦, the |Ωb P 32
−〉1 state is a narrow state with a width of ∼ 1
MeV, while the partial width of |Ωb P 32
−〉2 into ΞbK channel
may be less than 0.2 MeV. The JP = 3/2− states might be
found in the ΞbK channel in future experiments.
V. SUMMARY
In the j- j coupling scheme, the strong decays of the low-
lying P-wave singly bottom heavy baryons belonging to 6F
are studied within the chiral quark model. Our results show
that the newly observed resonancesΣb(6097)
± can be assigned
as the light spin j = 2 states with spin-parity numbers JP =
3/2− or JP = 5/2−. If Σb(6097) corresponds to |JP = 32
−
, 2〉,
it might be observed in the Σbπ channel, while if Σb(6097) is
the JP = 5/2− state, it might be observed in the Σ∗
b
π channel.
The newly observed resonance Ξb(6227)
− favors the light
spin j = 2 states with spin-parity numbers JP = 3/2− or
JP = 5/2− in the Ξ′
b
family. Ξb(6227)
− may be the strange
partner of Σb(6097)
±. The JP = 3/2− state |JP = 3
2
−
, 2〉 and
the JP = 5/2− state |JP = 5
2
−
, 2〉 in the Ξ′
b
family have simi-
lar strong decay properties. In order to identify them, angular
distributions of their decays in either strong decay modes or
radiative transitions should be needed [16].
Considering the heavy quark symmetry, the JP = 1/2− P-
waveΩb state |JP = 12
−
, 0〉might be a broad state with a width
of ∼ 150 MeV. The two j = 2 states |JP = 3
2
−
, 2〉 and |JP =
5
2
−
, 2〉 are predicted to be very narrow states with a width of
∼ 1 − 2 MeV, which might be found in future experiments.
The ΞbK decay mode for the j = 1 states |JP = 12
−
, 1〉 and
|JP = 3
2
−
, 1〉 are forbidden in the heavy quark limit, thus these
two states should be very narrow states. To looking for the
missing P-wave Ωb states, the ΞbK decay mode is worth to
observing.
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